eny viruses to which humans are immunologically naive and highly susceptible [6, 7] . As the threat of a pandemic due to highly pathogenic H5N1 avian influenza virus strains looms, a better understanding of interspecies transmission of influenza is necessary. We reviewed the literature to compile and summarize all reported cases of human infection with swine influenza virus.
METHODS

Search strategy.
In April 2006, we searched the PubMed database, without any language restriction, using the search terms "swine," "influenza," and "human," to find reports describing cases of human infection thought to be caused by swine influenza virus strains. Additional articles were identified through the reference sections of the studies retrieved.
Selection of studies. The titles and abstracts of all identified studies were reviewed using the following inclusion criteria: there was mention of у1 case of influenza-like illness in humans and there was isolation of virus or serological evidence of swine influenza virus infection. Seroprevalence studies were not included.
Data analysis. Discrete data for analysis were extracted from included studies. When data were not available from the article, attempts were made to contact study authors and state health departments for missing information. Statistical analyses (counts and proportions) were made using spreadsheet software.
RESULTS
The initial PubMed search strategy retrieved 735 studies. Of these, 70 articles were selected for review because they mentioned cases of influenza-like illness in humans and included laboratory evidence of infection. The remaining 665 articles were not relevant to this review. Four additional studies were identified through the reference sections of the selected articles. One case was found as a part of an ongoing prospective study of zoonotic influenza in farmers at the University of Iowa's Center for Emerging Infectious Diseases (Iowa City) [8] . We identified 37 civilian [4, and 13 military cases [11, [31] [32] [33] [34] of human influenza associated with swine influenza virus strains, spanning the years 1958-2005. Five possible cases were not included because individual information was unavailable, and it was unclear whether they represented additional cases or duplicates [27] . Civilian and military cases are presented separately.
Civilian cases. Nineteen cases were reported in the United States [4, 8, 10-18, 21, 22, 25-27] , 6 in Czechoslovakia, [9] 4 in The Netherlands [20, 23, 24] , 3 in Russia [19] , 3 in Switzerland [20, 29] , 1 in Canada [30] , and 1 in Hong Kong [28] (table 1). Of the US cases, 6 occurred in Wisconsin [10, 11, 14, 15, 21, 25] , 3 in Minnesota [4, 16, 26] , 2 in Virginia [11] , 2 in Texas [17] , 1 in Nevada [18] , 1 in Missouri [13] , 1 in Iowa [8] , and 1 in Maryland [22] . One subject was evaluated at St. Jude Children's Research Hospital in Memphis, Tennessee, after referral for Hodgkin lymphoma, but the home state of the patient was not recorded [12] . Six cases occurred in the summer months [4, 22, 24, 25, 30] , and 29 occurred between September and March [8-15, 17-21, 23, 26, 28, 29] (data were not available for 2 cases). There were 22 cases in male patients [4, 8-15, 17, 19-23, 27, 29, 30] and 13 in female patients [9, 11, 18, 19, 21, [23] [24] [25] [26] 28 ] (data were not available for 2 patients). The median age of the patients was 24.5 years. Twenty-two (61%) of the case patients reported a recent exposure to pigs [4, 8-12, 14-17, 19-22, 24-26, 29, 30] , whereas 14 had no known swine exposure [9, 11, 13, 18-20, 23, 28] . Of those with known exposure to swine, 2 were laboratory workers who acquired accidental infection while working with sick pigs under what were described as biosafety level 3 conditions [25] . Two others were employed in a research facility [9, 22] , 2 were visitors at a county fair [21] or livestock show [17] , 1 was a livestock show swine barn attendant [17] , and 1 worked at a meat-packing house [12] . Thirteen had occupational exposures to pigs through living or working on swine farms [4, 8, 10, 11, 14-16, 19, 20, 24, 26, 29, 30] . The nature of swine exposure for 1 patient was not available [16] . Of the 14 with no known exposure to swine, 5 were family members of case patient 1 and represented a cluster of person-to-person transmission [9] . Of the 9 remaining case patients without known exposure to swine, isolates confirmed the diagnosis for 7 [18-20, 23, 28] .
Twenty of the subjects were described as healthy (table 2) [8-11, 17, 20, 22-26, 30] . Among those with underlying medical conditions, 1 had asthma [20] , 2 had Hodgkin disease [4, 12] , 1 had acute lymphocytic leukemia in remission [18] , 1 had a history of chronic bronchitis and splenectomy [11] , 1 had thrombocytopenia [9] , and 1 was pregnant [21] . Medical histories were unavailable for 10 case patients. All case patients were described as having pneumonia, upper respiratory infection, or acute respiratory disease.
Six (17%) of the infected persons died [4, 18, 19, 21, 22, 26] . No information about outcome was available for 2 cases [16, 27] . All of those who died had pneumonia: 4 had viral pneumonia with influenza the only pathogen isolated [18, 21, 22, 26] , whereas 1 had Streptococcus viridans, Neisseria species, and Klebsiella isolated in addition to influenza virus [4] . Case patient 19 also had extensive abdominal organ involvement, with mesenteric vessel thrombosis, small bowel gangrene, and peritonitis [19] . Case patient 32 had a hemophagocytic syndrome related to disrupted immune regulation [26] . Of the 6 who died, 1 had leukemia [18] , 1 had Hodgkin disease [4] , 1 was pregnant [21] , and 2 were previously healthy [22, 26] ; information regarding underlying illness was unavailable for 1 patient [19] .
H3N2 viruses were isolated in 4 cases [23, 28, 30] ; the remainder involved H1N1 viruses [4, 8-22, 24-27, 29] . Humanavian reassortant swine viruses were isolated from 2 cases from The Netherlands [20, 23, 24] , 2 in the United States [8, 27] , and 1 in Canada [30] . The first human case of infection with an H3N2 virus of swine origin was reported in The Netherlands in 1992 [23] . None of the cases of H3N2 virus infection were fatal. Eleven of the diagnoses of zoonotic swine influenza virus infection were based on serological studies [9] [10] [11] [12] [13] , and 26 were confirmed by isolation of virus [4, 8, 14, 15, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Epidemiological investigation revealed probable human-to-human transmission in the cluster in Czechoslovakia, when 5 family members became ill after exposure to the index case [9] . It was also determined that probable human-to-human transmission occurred when several health care workers developed an influenza-like illness after caring for a pregnant woman who later died of swine influenza [21, 35] . Possible human-to-human transmission occurred in 5 cases [10, 17, 18, 23] , and there was no evidence of human-to-human transmission in 16 cases [4, 8, 11-13, 15, 17, 19, 22, 25, 28, 29] .
Fort Dix cases. An outbreak of swine influenza A due to an H1N1 virus resulted in 1 death and respiratory illness in 12 additional soldiers at Fort Dix, New Jersey, causing hospitali- zations over a 22-day period in early 1976 [31] . No evidence of exposure to pigs was ever found. The average age of the patients was 18, and all were male subjects in previously good health. Five diagnoses were confirmed by isolation of the virus, and 8 were based on serological studies performed retrospectively. A subsequent epidemiological investigation revealed that up to 230 soldiers were infected with the virus [32] .
DISCUSSION
Swine influenza virus infections in humans have been reported in the United States, Canada, Europe, and Asia. There are no unique clinical features that distinguish swine influenza in humans from typical influenza. Although a number of the case patients had predisposing immunocompromising conditions, healthy persons are also clearly at risk for illness and death from swine influenza. The high proportion of fatalities in this case series likely reflects a strong case ascertainment bias. The majority of case patients reported contact with pigs, consistent with seroepidemiological studies that have demonstrated increased rates of swine influenza virus infection in people with occupational swine exposure [36] [37] [38] . Bias resulting from heightened awareness and increased surveillance soon after the 1976 Fort Dix episode may have resulted in a transient increase in identification of cases that would otherwise have been attributed to human influenza. Of the 6 North American cases after 1982, 3 were identified because the of new strains of influenza virus. Persons who work with swine should be considered for sentinel influenza surveillance and may be an important group to include in pandemic planning.
